Cardiovascular disease (CVD) remains the leading cause of death and disability worldwide [1] . Although the main risk factors for developing CVD have been known for decades, risk prediction models need to be refined in order to improve their capacity in discriminating true high-risk from low-risk individuals. This is illustrated by the fact that most cases of first myocardial infarction stem from the large group of the population classified as intermediate-or low risk in any modern risk prediction calculator [2] . This knowledge catalyzes a search for novel risk factors to improve CV risk assessment. Measurement of endothelial
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In recent years peripheral arterial tonometry (PAT) has been gaining reputation as a non-invasive approach to assess peripheral microvascular endothelial function. Earlier studies applying arterial tonometry have revealed a relation between peripheral endothelial dysfunction and coronary endothelial dysfunction as well as severity of CAD [4, 5] . Endothelial dysfunction according to PAT has also been connected to several CV risk factors, however with somewhat conflicting results [6] [7] [8] [9] . Limited data is available on the relation between arterial tonometry and global CV risk score.
The aim of this study was twofold. First, to evaluate the relation between results of arterial tonometry and established CV risk factors. Secondly, to investigate whether results of PAT measurements were related to outcome in a global CV risk score calculator among healthy individuals with no previous history of coronary artery disease (CAD).
Material and Methods

Participants
One hundred and two individuals, with no previous history of CAD, attending the Risk Preventive Clinic of the Icelandic Heart Association (IHA) were consecutively studied. All subjects provided written informed consent before any study related procedures were performed. The design and conduct of the study was in accordance with the general principles outlined in the Declaration of Helsinki [10] , and adhered to principles of Good Clinical Practice. The study protocol was approved by the Icelandic National Bioethics Committee.
Risk assessment
The Risk Preventive Clinic is a self-referral service, provided by the IHA. Risk assessment is applied based on data from the Reykjavik Study, a longitudinal epidemiologic study of CVD risk factors and CV events in the Icelandic population during the last four decades. The risk prediction calculator is a web based tool (http://risk.hjarta.is/risk_calculator/) taking into consideration the following established CV risk factors: age, gender, BMI, systolic blood pressure, total cholesterol, HDL cholesterol, triglycerides, physical activity, smoking, diabetes and family history of coronary heart disease. It provides the absolute predicted likelihood of developing CV endpoints (myocardial infarction, percutaneous coronary intervention or bypass surgery) within the next ten years as well as the relative risk, a ratio of predicted 10-year CVD risk compared to the mean value of physically active non-smokers of the same age and sex category. An absolute risk score above 10% was considered high-risk. The risk calculator has been calibrated against the SCORE risk chart of the European Society of Cardiology and showed an almost perfect correlation [11] .
Peripheral arterial tonometry
Measurements of peripheral endothelial function by arterial tonometry were performed using the EndoPAT 2000 device (Itamar Medical, Caesarea, Israel). All measurements were performed by the same investigator, in a quiet, dimly lit room with the temperature held at 22-24 °C. Study procedures were performed in the morning after an overnight fast. Individuals having ingested food, caffeinated drinks, medication or used any form of tobacco since the night before were excluded. Further exclusion criteria included Raynaud´s phenomenon or a previous history of radical mastectomy.
Subjects were lying in a supine position during the course of the measurement. After measuring blood pressure, probes were placed on the subject's index fingers. These probes are lined with rubber chambers inflated through pneumatic tubes connecting them to the EndoPAT device. The probes apply constant pressure on the finger 10 mmHg below diastolic pressure and sense counter pressure from the finger reflecting pulsatile volume changes. The plethysmographic measurements by the probes are processed in computer software and presented on screen as waves of pulsation.
After seven minutes of baseline measurements at steady state, a sphygmomanometer cuff around the upper non-dominant arm was inflated to apply 300 mmHg pressure. High pressure was used to prevent insufficient occlusion of blood flow and leakage. Once this occlusion had been held for five minutes the pressure was released. The NO dependent reactive hyperemia following blood deprivation was reflected by changes in pulse wave amplitude and measured for seven minutes.
The data was analyzed with an automated computer algorithm and the main result expressed as reactive hyperemia index (RHI). RHI is a calculated ratio comparing the pulse wave amplitude during reactive hyperemia to that of the baseline measurement. This ratio for the non-dominant arm measured is divided with the same ratio for the dominant arm giving the final RHI ratio. The dominant arm is thus used in controlling for any systemic effects the PAT measurement might have. RHI values below 1.67 were interpreted as signs of endothelial dysfunction in accordance with the manufacturer [12] .
Additional PAT results investigated were baseline pulse amplitude and augmentation index (AI). Baseline pulse amplitude reflects the average amplitude of pulse waves during baseline measurement [12] . The magnitude of baseline pulse amplitude is mainly governed by vascular distensibility and digital blood flow [13] . A value of just below 2000 units corresponds to a 1mmHg pressure change sensed by the probes during a pulsatile wave of blood. Augmentation index is a measure of arterial stiffness and is calculated by waveform analysis of the PAT signal [12, [14] [15] [16] . The value of AI is corrected for a heart rate of 75 beats per minute as heart rate can affect the pulse waveform [12, 17] . A lower AI value is preferred indicating better arterial elasticity [12, 14, 16] .
Statistical analysis
All statistical analysis was performed using the statistical software R-studio. RHI, baseline pulse amplitude and AI were compared to traditional risk factors and calculated risk score. 
Results
The baseline characteristics of the 102 study participants are shown in Table 1 . Mean age was 51.3 years ranging from 23 to 75 years and 45.1% were female. Mean BMI was 29.4
kg/m2, 35.3% were obese (BMI > 30 kg/m2) and 7.8% were current smokers. Furthermore, 21.6% had been diagnosed with hypertension, 2% had previously diagnosed diabetes, 21.6% were diagnosed with dyslipidemia and 39.2% had a first-degree relative with coronary artery disease.
Results of PAT measurements and predicted risk of suffering a CV endpoint are presented in Table 2 . The mean and median RHI were 2.4 and values ranged from 1.20 to 4.02. RHI values did not differ significantly between sexes (Table 2 ). Fifteen percent of the 102 participants had a RHI value below 1.67 and were defined as having peripheral endothelial dysfunction. No difference was found in the proportion of endothelial dysfunction according to traditional risk factors or CV risk score. Subjects with RHI values below 1.67 did however have a significantly higher mean baseline pulse amplitude (p = 0.03). Also, males had significantly larger baseline pulse amplitude while women had a higher AI value ( Table 2 ).
The mean absolute 10-year risk of suffering a CV endpoint was 5.19% (Table 2 ). The majority of subjects had low risk, the median being 3.06% and the first and third quartiles being 0.97% and 9.67% respectively. The mean predicted 10-year CV risk among females was 1.86%, significantly lower than the mean 10-year risk of 8.08% among males (p = 1.21 x 10-12) ( Table 2) . Twenty-five percent of the cohort had CV risk higher than 10% and were defined as high-risk individuals. Of these 23 were male and 1 was female. The mean relative risk was 2.00 (Table 2) , i.e. the average participant had twice the risk of experiencing a CV endpoint within the next 10 years compared to age and gender matched individuals with a favorable risk profile.
The correlation between PAT results and CV risk factors is presented in Table 3 . Among these, only heart rate had a statistically significant linear relation to the RHI result (r = -0.24, R2 = 0.06, p = 0.01). A significant positive correlation was found between baseline pulse amplitude and male gender, systolic blood pressure, BMI, body weight, fasting glucose, total/HDL cholesterol and current or previous smoking. Baseline pulse amplitude was negatively correlated with level of regular physical International Cardiovascular Forum Journal 9 (2016) DOI: 10.17987/icfj.v9i0.385 activity and HDL cholesterol. AI was positively correlated with female gender, age, systolic and diastolic blood pressure, body weight, fat percentage, HDL cholesterol, diagnosed hypertension and having a first-degree relative with CAD. A negative correlation was found between AI and height as well as total/HDL cholesterol. In multivariate analysis RHI showed a significant correlation to heart rate, mean baseline pulse amplitude to systolic and diastolic blood pressure and AI to age, body weight and fat percentage (Table 4) . Taking medication for hypertension was correlated to a significantly higher AI index ( Table 3 ).
The correlation of RHI to predicted CV risk score is presented in figure 1 . No statistically significant linear relation could be found between RHI and predicted 10-year risk of CV disease (p = 0.24) (Figure 1 ). Individuals with RHI values below 1.67 did not have a higher risk score than those with RHI above 1.67 (p = 0.80). There was no correlation between RHI and relative risk, neither a linear correlation, (p = 0.86), nor were RHI values below 1.67 related to a higher relative risk (p = 0.63). Baseline pulse amplitude was positively related to 10-year predicted CV disease risk (p = 0.02). Furthermore, there was a positive RHI reactive hyperemia index, AI augmentation index, BP blood pressure, mmHg millimeters of mercury, bpm beats per minute, cm centimeters, kg kilograms, mmol millimolar, HDL high-density lipoprotein, CAD coronary artery disease. Calculations with systolic and diastolic blood pressure were performed with the variables on a logarithmic scale.
correlation between baseline pulse amplitude and relative risk (p = 0.02). AI was neither correlated with absolute risk score (p = 0.59), nor relative risk (p = 0.14).
Discussion
The main findings of this study were that RHI and AI had no statistically significant linear relation to a comprehensive risk score while baseline pulse amplitude was positively correlated with risk score predicting either absolute or relative 10-year risk of CV endpoints. No relation of statistical significance was found between RHI and CV risk factors apart from heart rate. AI as well as baseline pulse amplitude had a correlation to several CV risk factors (Table 2) .
Although several earlier studies have investigated the relation of PAT results to CV risk factors [6] [7] [8] [9] , they have provided conflicting results and study populations have varied. Data relating PAT results to comprehensive risk profiles is scarce, particularly with respect to baseline pulse amplitude and augmentation index. The present study offers insight into these issues in a healthy primary prevention cohort without known CV disease. To our knowledge it is the first to publish results of AI derived from PAT and it's relation to a risk score predicting 10-year risk of CV endpoints.
RHI value
In light of earlier studies it was to be expected that around 15% of the cohort would have RHI below 1.67. A study performed by Syvänen et al was conducted on subjects with hypertension, newly diagnosed glucose disorders, metabolic syndrome, obesity, or a 10-year risk of CVD death of 5% or more according to SCORE [18] . In that study cohort 23% had an RHI value below 1.67, a somewhat larger proportion than in the present study. In individuals presenting with chest pain without angiographic coronary lesions and patients with chronic CAD the prevalence of endothelial dysfunction was 33% and 46%, respectively [19] , both substantially higher than the 15% in our results of previously healthy individuals.
The mean RHI value of 2.4 compares well with the value of 2.3 found by Lind in a population-based study and with the value of 2.4 among individuals without CAD in a study by Kuvin [5, 20] .
Other studies have revealed different results. In a study by Ferré et al on healthy intermediate to high-risk individuals free of CVD the median RHI was 1.7 [21] , considerably lower than the value of 2.4 found in the present study.
PAT results and risk factors
The relation between PAT results and CV risk factors has been investigated in many different cohorts with conflicting results. Our results showing a negative correlation between heart rate and RHI values is in accordance with some earlier studies [8, 22] . Others have found this correlation to be reversed [7] . Lack of a reported correlation between these factors has also been seen in earlier studies as well as a correlation between RHI and numerous other CV risk factors not found in the present study [6, 9, 21, [23] [24] [25] .
Fewer studies have published results on the relation of baseline pulse amplitude and AI to established CV risk factors. A relation between baseline pulse amplitude and male gender, systolic blood pressure, BMI, fasting glucose, total/HDL cholesterol and smoking status has been previously reported [6, 9] . This study is the first to report baseline pulse amplitude correlating with HDL, body weight and lack of regular physical activity. A relation between AI and female gender, age and height has been formerly reported [26] [27] [28] [29] . AI correlating to peripheral systolic blood pressure, diastolic blood pressure, body weight, fat percentage, HDL cholesterol, total/ HDL cholesterol, diagnosed hypertension and a 1st degree family history of CAD has not been published prior to this report.
PAT results and risk score
Though data concerning the relation between RHI results and risk score are scarce the subject has been investigated in CAD patients, high-risk individuals and population-based cohorts.
In a cohort of high-risk individuals, of whom 83.7% had CAD, Matsuzawa et al found no statistically significant correlation between RHI values and Framingham risk score (FRS) [30] . Lind demonstrated that RHI had no significant relation to the FRS in a population-based cohort of 50-year-old individuals [20] . Schnabel et al presented similar results with no significant relation between RHI and SCORE in a large, unselected, population-based cohort [9] . Truschel et al, studying a cohort where 5% had CHD, found no statistically significant correlation between RHI and FRS [25] . While our results are in concordance with these studies, we included a non-selected cohort of a wide age range and with no previous history of CAD, attending a risk preventive clinic.
Lack of a correlation between RHI values and 10-year risk score clearly shows that a comprehensive risk profiling, although known to predict the risk of cardiovascular events, does not associate with microvascular endothelial function also known to predict future cardiac events [31] . The risk associations seem to be dependent on different pathophysiological mechanisms suggesting a possible role for endothelial dysfunction in further improving CV risk assessment. It could be argued that if a complete linear correlation was found between RHI and risk score the EndoPAT measurements had little to add to the present risk evaluation. Thus, present results in line with earlier studies imply that PAT measures a physiological mechanism distinct from the basis of present risk assessment, perhaps a risk factor previously unknown. A prospective longitudinal study is required to determine whether endothelial function assessed with PAT adds to the risk profiling currently offered by comprehensive measurement of established risk factors.
Less data is available on the relation between risk score and additional results of PAT measurements, baseline pulse amplitude and AI. However, in agreement with the results presented in this paper, Schnabel et al have demonstrated that baseline pulse International Cardiovascular Forum Journal 9 (2016) DOI: 10.17987/icfj.v9i0.385
amplitude had a significant connection to risk score [9] . No previous data exists on the relation of augmentation index to 10-year risk of CVD. Fischer-Rasokat et al did however demonstrate that AI had no statistically significant relation to SMART score [26] , a 10-year recurrent vascular event risk score [32] . Contrary to abovementioned studies and present results on 10-year risk of CVD they also encountered a relation between RHI and 10-year recurrent vascular event risk [26] .
Limitations
This study had certain limitations. The study sample was rather small but larger than several earlier studies on the relation of PAT and CVD risk factors [4, 5, 15, 16, 33] . Information on the subjects' previous medical history included CVD risk factors such as hypertension, diabetes and hyperlipidemia but did not include other possible influencing factors on endothelial function, for example peripheral arterial disease, rheumatic diseases and autonomic dysfunction. Participants were Caucasian of European origin and there is no guarantee that these findings apply to other ethnicities. Since the study group consisted of individuals between the age of 23 and 75 years, assertions cannot be made about the relation of PAT results to CV risk among children, adolescents and elderly individuals. The study was cross-sectional, only collecting data from each participant at one specific point in time. It does not offer any ground for assumptions on causation between PAT results and risk factors or risk score.
Conclusions
In conclusion, a low RHI value indicative of peripheral microvascular endothelial dysfunction was not associated with an increased risk of developing CVD within the next ten years. The relation between endothelial dysfunction and established CV risk factors was limited. Further clinical end point studies are needed to fully comprehend the diagnostic and predictive value of PAT measurements in healthy subjects.
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